It is estimated that 13% of arthropod species carry the heritable symbiont Cardinium hertigii. 16S rRNA and gyrB sequence divides this species into three clades, with the A group infecting a range of arthropods, the B group infecting nematode worms, and the C group infecting Culicoides biting midges. To date, genome sequence has only been available for strains from clade A and B, impeding general understanding of the evolutionary history of the radiation. We present a draft genome sequence for a C group Cardinium, motivated both by the paucity of genomic information outside of the A group, and the importance of Culicoides biting midge hosts as arbovirus vectors.
48 Introduction 146 subsequently retrieved using Bowtie2 (Langmead & Salzberg 2012 ) and samtools (Li et al. 147 2009 ) and re-assembled de novo using SPAdes as described above. All contigs larger than 500bp 148 were checked for potential host or other bacteria contamination using blastx searches against nr 149 database and all contaminant contigs were removed from the final assembly. Subsequently, we 150 evaluated the correctness of the assembled contigs using the reference-free assembly validation 151 tool REAPR (Hunt et al. 2013) . REAPR uses read pairs mapping information to identify 152 potential assembly errors and assign quality scores on each base of the assembly. The error calls 153 were then used to break the pre-assembled contigs at every potential miss-assembly position 154 using the aggressive option "-a". Finally, the broken assembly was scaffolded using SSPACE 155 (Boetzer et al. 2011 ) using the default parameters.
156
157 The cCpun draft genome was annotated using Prokka version 1.12 (Seemann 2014 ) and the 158 completeness was assessed using BUSCO v3 based on the presence of 148 universal bacterial 159 marker genes (Simão et al. 2015) . COG functional categories were assigned using the eggNOG 160 database (Huerta-Cepas et al. 2016) while additional domains were assigned by searches against 161 the Pfam protein database (Finn et al. 2016) . Finally, an estimation of the repeat density (repeats 162 ≥ 200bp and at least 95% identity) in the cCpun genome was assessed using MUMmer-plots 163 (Kurtz et al. 2004 ). 242 The final assembly of the cCpun draft genome consists of 57 scaffolds larger than 500 bp (N50 = 243 41.6 kb, largest scaffold = 116 kb) comprising a total size of 1,137,634 bp (52 scaffolds ≥ 1000 244 bp) with an average GC content of ~33% and an average depth of coverage 90X (Table 1, 245 Supplementary Fig. S2 ). Overall, the cCpun genome shares many characteristics with those of 246 the previously sequenced Cardinium strains cEper1, cBtQ1, and Ca. P. endonii (cHgTN10) 247 including similar genome size of around 1 Mb and comparable GC content (33.7 -38%) ( Table   248 1). No plasmids were inferred based on the presence of scaffolds with atypically higher read 249 coverage compared with the average coverage of the complete assembly, presenting a contrast to 250 the previously sequenced arthropod-associated Cardinium (cEper1 and cBtQ1) ( Table 1, 251 Supplementary Fig. S2 ). Nevertheless, we were able to detect several regions with sequence 252 similarity to elements of the two plasmids found in cEper1 and cBtQ1. Matching regions were 253 mainly transposases, suggesting that these might be remnants of ancestral plasmid invasion/s. 254 Although absence of plasmids has also been reported previously for A. asiaticus, the sister 255 species of Cardinium clade (Schmitz- , the presence of low-copy-number 256 plasmids in cCpun cannot be ruled out. 257 258 A total of 917 protein coding genes were identified with an average length of 993 bp 259 corresponding to a coding density of around 80% (Table 1, Supplementary Table S1) . cCpun 260 harbours a single set of rRNA genes with the 16S separated from 5S and 23S and encode a 261 complete set of 37 tRNA genes. The identification of 117 out of the 148 BUSCO marker genes 262 [BUSCO score = C: 79% (S: 79%, D: 0%), F: 2.7%, M: 18.2%, n: 148] ( Supplementary Fig. S3) 263 was comparable to that observed for the previously sequenced and complete cEper1 and Ca. P. 264 endonii (cHgTN10) genomes, which suggests that cCpun is a near complete genome. Overall, 265 the redundancy in cCpun as assessed through MUMmer-plots is lower than both A. asiaticus and 266 cBtQ1 previously described as highly repetitive (Santos-Garcia et al. 2014) ( Supplementary Fig.   267 S4) . However, the draft nature of the assembly and the effect of repeat-collapsing during the 268 assembly process may have led to the repeat-content obtained for cCpun to be underestimated. 285 Paenicardinium nematode symbiont clade represented by cHgTN10 (Fig. 1a) . Cardinium is thus 286 paraphyletic, with Ca. P. endonii nested within the clade. Constrained tree tests for two 287 alternative topologies (a) Ca. Paenicardinium as sister group of all other arthropod Cardinium 288 and (b) cCpun and Ca. Paenicardinium as a monophyletic group resulted in significantly worse 289 trees (AU test, p < 0.01). This inference was further supported by analysis of single protein 290 phylogenies (Fig. 1b and 1c) . A total of 180 out of the 338 single copy core genes (53%) support 291 the monophyletic grouping of Ca. P. endonii with cEper1 and cBtQ1 in exclusion of cCpun (p < 292 0.001, Fisher's exact test). In contrast, only 105 genes (31%) support the monophyletic grouping 293 of cCpun with cEper1 and cBtQ1 while a small subset of genes (n=53; 16%) supports the 294 monophyletic grouping of cCpun with Ca. P. endonii. Table S2 ). Specifically, among the 812 ortholog clusters predicted for cCpun, 303 224 clusters -including 241 protein coding genes -were assigned as strain-specific (Fig. 2) . Of 304 these genes, 43 were predicted to code for proteins of less than 70 amino acids and likely 305 represent either annotation artefacts or pseudogenised gene fragments.
306
307 The majority of cCpun specific proteins, 156 (~65%), had no significant matches (E-value ≤ 10 -308 10 ) in the NCBI-nr database or functional domains and were assigned as hypothetical proteins.
309 Amongst the remaining 85 predicted cCpun-specific protein clusters, those with ankyrin-repeat 310 domains were particularly well represented in the strain specific set (Supplementary Table S2 ). Fig. S5 ). This 392 extensive divergence of paralogs suggests that the expansion of this gene family is not recent.
393 Moreover, the pairwise comparison suggest at least three main expansion waves (Supplementary 394 Fig. S5 ). Phylogenetic analysis indicates that all but one of the Cardinium DUF1703 carrying 395 protein sequences form a single cluster closely related to those found in Simkania, an 396 intracellular bacterium member of Chlamidiales known to be associated with protozoa (Fig. 4a) .
397 The exception is the gene CCPUN_02500, which forms a distinct group with the only intact 398 DUF1703 carrying homolog in Ca. P. endonii, and which is closely related to homologs found in 399 Rickettsia and metagenomically-recovered sequences belonging to uncultured members of the 400 Bacteroidetes and Gammaproteobacteria (Anantharaman et al., 2016) . (Table 2) . Note, the number of these genes derived from HGT may be even higher 475 since the majority of the accessory genes did not have any significant matches on the GenBank 476 database, and many of these likely represent HGT events from as yet uncharacterised genomes. Hip pe a sp. 1 S E S 00 38 3. 1 W P 0 2 7 2 1 8 2 0 6 .1 W P 0 2 2 7 5 6 7 5 5 .1 W P 0 3 4 4 9 0 3 3 6 .1 W P 0 2 7 4 2 6 3 2 6 .1 W P 0 2 7 4 2 6 4 1 5 .1 W P 0 0 6 8 4 6 7 9 7 .1 C D A 6 6 8 8 0 .1 W P 0 1 3 6 1 7 6 3 6 .1 W P 0 0 4 3 0 4 1 9 4 .1 C C Z 7 0 3 5 8 . 1 S E P 88 10 9. 1 W P 0 2 7 2 1 7 7 4 4 .1 S E S 0 7 9 3 4 .1 O G V 6 1 8 1 4 .1 E T X 0 3 8 4 3 .1 O E U 5 6 1 8 9 .1 O E U 5 9 6 2 5 .1 W P 0 2 7 3 5 5 0 1 9 .1 W P 0 5 1 3 7 4 5 7 3 .1 O F Y 6 2 3 6 6 .1 W P 0 5 2 3 2 4 5 0 3 .1 W P 0 6 9 4 7 2 9 4 0 .1 W P 0 6 9 4 7 0 7 6 4 .1 W P 0 6 9 4 7 0 2 1 7 .1 W P 0 6 9 4 7 2 5 5 3 . Number of paralogs
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